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“this paper was presented Pe one ina varies of seminars on 
Man, Society, and Technology, conducted by the program of Tech- 
nology Education at West Virginia University during the 1973 
summer session. . Over fifty indtviduals, inctuding faculty and - 
Stusenes Sram the university as well as individuals associated — 
with the university. through other institutions and endeavors, 
participated in the seminars. 


The seminars were dedicated to a better understanding of ° 
the modes of inquiry, basic assumptions, principles, and concepts . 
used by members of various disciplines and professions as they 
pursue answers to questions concerning the nature of man and tech- 
nology in relation to the problems and issues associated with 
ecology, work, theology, law, medicine, politics, education, and 
economics; and questions concerning values, technological ase 
ment and forecasting. 


“One sbendeliine sncicte as the realization that the com- 
plex issues and problems associated with technology are related 
directly to decisions which are functions of value systems. Values 
require examination and reassessment. «The educated citizen of to- 
morrow can not be trained as.a narrow specialist nor can thec . ry 
humanist remain technologically aloof or illiterate... Education for 
the future may mean a rebirth of the renaissance man and perhaps a 

* reevaluation of the technologies and humanities and the: creation of 
a new interdiscipl inary effort called the “techmanities." 


The paper by Arthur Donovan, entitled "Towards a Social History 

of Technological Ideas: Joseph Black, James Watt and the Separate | 
’ Condenser," provides in the setting of one event in the history of , 
technology an exploration of the role historians of technology can 
play in the reevaluation of the relationship between technical and — 
‘social change.. In the process, Donovan identifies several important. 
deav ations for education and society's view of intellectual en- 
avors. 


Paul W. DeVore 
Noha F. Stasny 
. Morgantown, WV 

September, 1976 


TOWARDS A SOCIAL HISTORY OF TECHNOLOGICAL IDEAS: 
JOSEPH BLACK, JAMES WATT AND THE 
SEPARATE CONDENSER 
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’ Arthur Donovan 
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not . & 
, To be published in the Proceedings of the University of 
the International Symposium on the History and Philosophy 
Technology. CopyFight 1976 University of I} linois Press. 
_Ina recent aitae: a. rumpled and “exasperated father rebukes his 


disheveled son by shouting "You want to change the course of history?’ 


: Then ‘90 get a degree and become a history teacher!" “If only it was that 


asy{ Those who write and teach history will particularly enjoy ‘this 

: highlighting of the ambiguous shrace tthe course of history’ » but havirig 
briefly savored the father's riposte, they will once again eamestly 
set out to to determine, and perhaps’change, the course of aesiy > Although 
history not be moving in any, discemible direction and we “may not 
be able to influence its flow fn the least, in practice we are not fatal- 
istic. We believe knowledge As power and we belteve we can know some thing 
significant about the human past. In our Vivek if ‘ei in our libraries, 
our most deeply held ¢riterta of significance are determined by contem- 
porary conflicts. Since our modern world has been largely molded by 
the overwhelming power jof technology, it is therefore natural that the 
history of fechnology. shpul 4 today bart particular interest to those 
his tori ans who , while’ ‘often less forthright than young radicals, none-_ 
theless harboy" hopes of changing the course’ of history. 


' 


4 
The history of technology is, however, an ususyably complex field 


of study. It is charged with « axaminine se of ‘the most intricate and 


least well documented products of human nae and. it must tell i ‘aiy 


without relying on the national and geographic boundaries which make), le 


tradi tional political and cu) tural history relatively manageable. Faced 
with such a difficult and comprbhensive responsibility, the- histordan * 
of technology often pleads that he must devote a1 his attention‘ to 


the factual record which fleshes out his narrative. There is, however 


a reluctance to accept such disclaimers, for there is an wapency about 
, the his tggy of technology that is totally abseat in comparable fields 


such as the history of art and architecture, the history of music and 


“even the history of si ie Culture ‘critics: and thinkers of all sorts 
. borbard historians of Pachialoay with philosophical and techni cal ques- 


fons the hope that by fncreasing a know ledge of this mos t funda- *“* 
sental of subjects -they will be able to cast light of our perennially Ay 
inadequate undareteatng of economics, politics, cultural change, and ar : 
he progress. of technoTogy ‘itself. “His tort ans of technology, by virtue : 
. ‘of their subject rather than their achievements , are frequently offered 
-) the prophet's robes. It is a are temptation, one which makes the hard’ 
work of historical’ research seem Tab. Rather thes having to struggle ; 
. to ‘establish the significance of his subject, the historen of: ‘technology e.- 
; & ‘must resist ‘intellectual intoxication by practicing verbal: “abstention 
f “. and theoretical sejf-dental. If the -history of tectinotogy 1s to flourish, 
r its beactl Clonev will have to. Year to ride Romar style, with one. foot 
Healy anchored to the plow fire of detatyee scholarship while the other 


‘ 
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rests lightly. on the dancing stallion of social and cultural speculation. 


Indped the history of technology will only remain vital if its de- 
votees are able ts font the force of contemporary ques tions while meeting 
the standards of scholarship whi ch must be SAEIOT IOS if ‘their interpre- 
tations are to be believed. Historians, ike all. those engaged in as 
tural «lgbor, are at bottom articulators. ‘They develop symbols and 
concepts to clarify and interpret the collective experiences of the groups | 
they live in and among. Sach cla fication and interpretation. becomes 
especial iy important when our “received ideas, upon which we found our 
expectations and with which we construct our initial interpretations of 
experience, begin to appear inadequate in the face of the demands placed 
~ upon. them. The irae: which presses upon all those who study technology 
eee springs, ‘] aig from a deep and threatening fissure in our 


recetved ideas about the nature of technology. for early a cantury 


our analysis’ of social change has taken as its point of departure tech- 


nical change in the méans of production. The commonplaces of our language 


* and the “common sense of our tul ture point to technology as the engine 


of industrialization and modem zation. East ahd West, in the indus - 

. trtalized nations and in the so-called underdeveloped nations;-in the : 
socialist countries aswel] asain those ruled by monopoly capital, . 
rpc legical innovation has been seef as the key to our inderstanding 

of the- modern world and as the n addin's ion whose genie has the power 

to, Singlehandedly fashion. a better ltfe for all. This, in a general, 

‘sense, I take. to be our received idea of eeanclony: It is an.intelléctual 


inheritance which has been criticized in the past but which has survived 


Seu, . Say ' 
like an estate defended by a well-drawn will, down to the present. 


3 ks 
But now, aswe all know, this conception of technology is under heavy | 


attack. Like laissez faire, the doctrine of laissez innové is being 
. Grattenged (See McDermott). Must we continue to encourage the growth 


‘of technology while passively accepting the cul tural devastati ons and . 


social dislocations whitch attend th unregulated introduction of new 
aa aos of production? It seems to me that more and more people 

are answering this question with a negative. The wide ‘spread eniicat 

with envi ronmental impact, the. revolt of the ‘third siorld’ against ec- 
onomic imperialism, and the flourishing a commyni tari an social movements 
infendoteriotend nations indicates that the relationship between tech- 
nology and social change is being radically revalued. In the future I 
think anas the develoanent and utilization of new techniques of Rromuction: 
will ™ increasingly governed by the consensus of ali those directly 
affected by the changes invotved. And if in fact the rate and direction 
of technological change is, brought under democratic ‘control, then our 
theories about the relationship ‘between technologt cq) innovation and social 
. change will have to be: reconstructed to encompass the new state of affairs, 
Once having done this, we will no longer be able to simply assume that 

in seeking to explain social and cultural change one should begin with | 
-an account of changes in the. mode of production: 

Historians of technology can play a cons tructi ve part in this ongoing 
reval uation of the rel ationship between technical and social change if 
they are witling to ask’ the right questions of their material. We are 
now beginning to insist that those most affected be allowed to control 
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the introduction of new technologies and we would like to know if similar 
demands have been raised and Satisfied in the past. More generally, 

We need to Adenti fy the non- technol ogi cal aspects of soctety which have 
influenced technical change in the past. In the: realm of ideas, the chief 
‘concern of the case I will turn to shortly, we want to know if the main 


normeé ve and descriptive assumptions uti lized by innovators ‘were in 


fact dominant ideas in the societies in which they lived. Can we, in 


- Other words write a sotial history of the ideas which encouraged the 
investigation of techniques, made the discovery of new techniques possible, 
and guided-the uses to which these new techniques were put? For instance i in | 
thinking about the relationship between the ch&mist Joseph Black and - 
James Watt, the inventor of the separate condenser for the stean engine, 
we should not only Took for particular discoveries that were clearly 
and purpose ful ly iranenneted from the scientist to the inventor or vice 
versa. We should also look at the general character of the society which 
brought these men together and supported their activities and we should 
try to identify those areas of understanding which were their common 
property and which each man utilized in his own way. -By procedding in 
this way we can emphasize the uniqueness of each indi vidual’ s schtavennat 
without falsely separating his brilliance as an inventor from his ex- 
perience as a man. 
' 

What role did contemporary eeiaice play in the invention of the 
separate condenser, that modi reaver which has’ been called the most 
ihc technical development in the Industrial, Revol ution? Accordéng 
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oo ‘to Sohn Robison, one of James Watt's “closes friends, Watt invented the 
Separate condenser by applying Joseph Black's theory of latent heat 
to the study of the steam engine. watt himself objectel to this account, 
, P of his invention, for whi fe he was, oraterut to Black for his pelea and* 
encouragement, he was not about to have his achievement réduced_ to a. 
rather straight forward application ofa general principle. But-Watt's : 
opposition did little to slow the spread of ‘neat "s story. “Sctence - 
discovers the Vaws of nature and technology anplies them ‘to ne ee 
: of man, to paraphrase the motto inscribed in the dome of Chicago' s 
Museum of S¢tence and fudinte and this notion was so pervasive in the A 
nineteenth century that Robison's story was accepted because it confermed 
to the general understanding of the relationship between science and — 
__ technology. It was the nineteenth-century view of technojogy that trans- 
‘formed Robison's account, which sprang from a desire to honor Black, | ' 
his teacher and BYBCRCeAAO rs into the legend » which Donald Cardwell has 
recently so aptiy dsactibed and criticized (Carder, chapter 2). 
The growth of the history of science in the. last few decades has V. 
necessarily resulted tn a good.deal of demy thp logt zing. Armed with 
Watt's own statements and aware of the physics of thesteam engine, 
several historians have pointed out that Robison's story should be 
trans ferred from the history of. technology to the history oft enthusiasm. 
(see Fleming, Smeaton), And yet, there is a danger involved.in this-- en 
kind of révision. Robison's story contains an important kemel of truth, — e 


namely that there was a close relationship between Black's science arid 


. Watt's dnvention. , While ye now know Robison misrepresented the essence 


of this relationship, we must be wary of acéentinig a revision which ‘pos- 
tulates too great a distance between Black's and Watt's achievements. In 
our day it is all int sity to think of téchnology as an aytonomous ac- 
tivity, one which aie ca whatever kinds ‘of unders tanding it needs. 
But this supposed autonomy is neither beyond question in our soctety er 
, was it characteristic of the ‘setting in which Watt worked. Rather . if 
than abandoning the Robison legend, we should modi fy itAn, a way which 
is both true 7 the historical’ and physical facts and which TVuninates 
Our own emerging understanding of technology. y ; 
James Watt arrived \in Glasgow in 1754 (Muirhead, passim). Eighteen 
years old and winee to make his own way in the world, he spent his ftrst 
year living with his maternal refations, the Muirheads, while seeking 


a position in which he could ae ‘the skills needed to become a mathe- | 


matical instrument maker. His” ice of trade reflected both his own 
mathematical proclivities, which seem to hayg been a characteristic of 

"the Watts, and his intimate knowledge of, the nauti cal diac and 
‘Instruments sold by his father. 

In Glasgow Watt had the good fortune to be Anivoducss to several 
members of the university faculty through his relative George Muirhead, 
who was then professor of Latin. Al though James never attended a course 
of lectures lian ‘in the University, he did become friendly ai th, Dr. ; 
Dick, the young préfessor of natural phi Tosophy who had previously been 
Black's closest companion when he was a student in Glasgow. When Pro- © 
fessor Dick heard of Watt's interest in mathematical -ins trunents , he 


. 
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strongly advised tifm to learn his trade in London and he furtyer encouraged 


a 


him by supplying hia with several Jetters of introduction. In June 1755 


Watt set off on, horseback ‘or London, At first he encountered Sestierenre 
difficulty in finding a master, for the fen skilled instrument makers in 
London were reluctant to dispense’ with the customary ; seven years appren- 
ticeship. With Dick’ s letters, however , Watt gained the attention and 
then thé ffiendship: of ‘James: Short, a Fellow of the Royal Society: and 
a celebrated. makerrof A dgsid | telescopes , and theough Short he obtained 
| a position with John Morgan, ‘a maker of Hadley quadrants. After a year ; 
of arduous work and frugal tiving, Watt retumed to Scotland to practice 
; his fiewly acquired skills. _ Shortly after his arrival in Glasgow, Pro= 
P ‘fessor Dick asked Watt to repatr a set of astronom{ cal instruments whi ch 
had heen ‘iver to the University, and a year later Watt was given a shop 
and an apartment in the university” buildings and pre designated /“mathe- . 
-\ maticat instrument maker to the. Universi ty, " | 
* Watt met John Robtsen soon after he moved ‘into his new ‘accommodations. , 
Robison was a bright young man who had recently taken his degree: in G) need 
and wes evidently at Toose ends. He soon discovered that Watt wasa 
nar of the highest ability and an enthusfastic investigator of mechan‘ cal 7 
questions , and the two young men aiieety ‘formed a friendship which lasted . 
" unti] Rob#son's death. . = 
Late in 1756 Joseph Black retumed ts Glaxo to become professor ; 
i andtomy and botany and lecturer in chemistry. He was, no doubt, soon 
introduced to Watt by their mutual friend Professor Dick. Black was 
great ly impressed by Watt's quick scientific mind dad unusual mechani cal 


ms and he soon asked him to construct several pieces of experimsatal 


apparatus for him. Black enjoyed visiting Watt's workshép and it was 
there that Robison first met his future mentor. Throughout 1758 these 
three young philosophical bachelors thrived upon each others come 
Black was then trying bag think of ways to extend and test his theory of - 
latent heat, watt was struggling to make a go of it as an instrument 
maker , and Robison was casting about for a situation which would oblige 
him ‘to fasten his saile mind to a ‘concrete set of problems. Serious 
tasks all, but evidently pursued with an enthusiasm which made light work 
of heavy thinking. As.an example of the way in which Natt, threw himseef 
_ into challenges he found appealing, Robi gon later recalled that "a Mason 
Ando in Glasgow wanted an organ.’ The office bearers uate acquaintances 
_of Mr. Watt. We imagined that Mr. Watt could do ‘any thing, and al though 
aware that he did not know one musical note from another, he was asked . 
if he could build this organ.\. . .He said yes. But he began’ by building: 
a very small one for his eae friend Dr. Black (Robinson and McKie, 
259-60)." , 

Late in 1758 Robison left G1 al but when he returned after an 
absence of. four years, he was ‘aaattxtsts welcomed back into the philo- 
sophic circle. AS Robison later said of his friendship with Watt, "I 
had had the advantage of a more regular education: this frequentiy enabled 

me to direct or confirm Mr. Watt's speculations , and put into a systematic 
form the random suggestions of his inquisitive and jnwntive mind. This \ 
kikd of friendly commerce knit’ us wore together, and each of us knew 


. the whole extent of the other's reading ‘and knowledge. I was not singular. 


in this attachment. All-+the young “ads of our little place that were 
: Ff bi 


— 
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“any way remarkable for scienti fic PRU See En Mare scquatneaces of Mr. aa 


Watt; and his parlour was a rendezvous for all of this description — 
[Robinson and, McKie, 257-8)." re BI ack, was not one of the ‘young 
lads', Robison*said that upon his return he found Watt “most intimately 
“connected with Dr. BIRR and. continually epuaelng of his lectures and 
| + doctrines (Robinson and McKie, 379)." And Watt himself told Robison 
that “every thing I learnt FOR him (61 ack] was in conversation and by 
Sein yal mechani cal jobs for him.. These conversations and those I 
had with- -you served to give me true notions in. sciahice and to develope . °° 
i a _ the Powers of my tind (Robinson and McKie, ney ee 
wok oe : What signi ficance should we attach to the friendship hetwess Black,” | 
oe Robison and Watt? First, {t-should be pointed out that all. the Statements °° 
qi ven above refer to their relations before 1765, the year in whi ch watt 
. invented the separate condenser. Second, it is clear that thers men 
; “were drawn together by their, common interest in a particular set of prob- 
» Vems and that discussion of those ‘problems dominated their conversations te, = es 
‘These three men constituted ‘a sel f-selected and. sel f-supporting research 
team of extraordinary historical importance. Surely it would be artt fictat 
on our part to. try to erect barriers between the conceptual foundations . 
#4 -of Black's natural phi Tosophy and Watt's mechani cal investigations. We : 
a G cang of courses, distinguish between Black's evident destre to construct 
a a general theory of chemistry ‘and Watt's clearly stated ambi tion to be et 
a success ful craftsman arid engineer, but in so far as” their activi ties 
a depended upon a common understanding of. patue we must assume that, they 
_ were well informed about each others eee The ques tion is mes 


* 
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~ therefore, whether B ack’s scienti fic knowledge played a part in Watt's 

invention, but whether we can correctly identi fy and specify the aed 

that it played. | Pin = 
Sometime in 1758 pb” tured Watt' s attention to the steam engine, 

a device, Watt admitted, "of which I was then very ignorant (Robinson 

and McKie; 410)." Watt built a small model which proved disappointing, 

and the investigation -was soon abandoned. “Five years later John Anderson, . 

who had succeeded Dr. Dick as professor of natural ht tosophy in Biesoou 

asked Watt to repai r the universt ty's demons tration model of the Newcomen 

engine. At first, Watt latér recalled, "I set about repairing it asa 


V mere mechanician, and when that was done and it was set to work, I was 


pia to find that its boiler could not supply it with /Enough7 steam,~ 
ugh apparently quite large enough (Watt's notes, published in{ Robison 
- 11:113)." Surprise quickly became a consuming curtosi ty a watt pressed 


. on in his analysis of the model steam engine. He siezina over "the. * 


. imense Quantity of fuel it consumed in proportion to its Cylinder,". (Robinson 


+ 


and McKie, 434) and wondered where all the heat given off by that fuel 

was going. Through studying the operation of the model Newcsinen engine, : 
Watt recognized, the need for a heat analysis of the staun enctie; and it 
was this ‘approach to the progam which enabled him to invent the Separate 
condenser. . | ‘ 
but how else could he have analyzed the sthan engine? For us, the 


- Steam engine is a heat engine by definition and its operation is. explained 


” by the laws of thermbdynami cs.” But Watt's predecessors thought of it 


as a mechanical engine and they explained its operation in’ terns of 


. 
ay aes 
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the presslre nee by. the elastic atmosphere (see Cardwel}, 49-59, 54). 
Different sides of thé same coin, you may say, but ‘te ‘improvenents _ 
suggested by the two views are fundamentally @ifferent. Watt's decision 
to wider ke a heat analysis of the steam engine thus stands as the fun- 
damental’ intellectual shift that led to the discovery of the separate . 
condenser. Yet I suspect that Watt was not even aware of the novelty “, 
‘of his .approach. For years he had been listening to Joseph. Black talk 
about the central role of heat in chemistry and he knew that Black and 
| his teacher WT Nam Cullen both believed that chemistry was the most practi- 3 , 
cal branch of natural philosophy. Thus when Watt began studying the steam tas 
. engine, he naturally saw it asa heat engine. - He: found this appreech 
natural not | because of the nature of the engine itself, but because 
it was the “dowtiant approach to the study of physical nature in the 
immediate context of his life. Here, in. the largely unconscious social 
determination of Watt's conceptual framework, we find the cructal link 
between science and technology. . rn 
here is other evidence which {rateates that Watt had Black's 
hecltte. contributions to the studyof heat in mind during his initial 
alysis e the steam engine. To reduce the amount of heat being lost, © 
hi sheathed his boiler with wood-and he constructed a wooden cylinder 
for his engine. He also used the results of Black's “study of specific 
heats to determine the quantity of heat absorbed by different metals 
- when heated over a given range of temperature (Robinson and Mekte, 435-6, 
438). Watt discovered that a great deal of heat is lost to the water 
used to condense the steam in the cylinder of the Newcomen engine. The 


eRe ‘ 
/ condensing water would tet drain out of the cylinder until it had become. 


f nearly boiling hot, and ‘so long as it remained in the cylinder, the steam 

adn tted: to start the next “ofbie was weak (Robinson and McKie, 436). 

/ . suspected that a great deal of steam was being condensed before it had 

done any work, and he tested his suspicion by measuring the volume ratio 

.between steam and sidtat, Desaguliers, one of the leading English natural 

pi losaphars of the first half of the eighteenth century, had concluded 

that “water in boiling is expanded 14000 times," (Desagul fers, 16-17) and 

WiTan Cullen, Black's teacher and the ‘leading chemist in Scotland 

. 7 during the middle decades of the century, had used Des aguiiers' figure 
in ed lectures wi thout ques tioning its correctness. a the basis of his 3 

Own dsvietben, however, Watt determined "that there was a great error ° 

fn Dr. Desaguliers! calculatfons . eon the bulk of steam* and that . 
‘the. correct figure: was between 1600: and 1g00, not 14000 (Robison, 11:115). 
Wapt then calcylated the volume of “ate produced by his botler and- 


. 


_ " [Rewcomeri7 ‘engine Lis7 several times. the full of the cylinder." (Robinson * 
: and McKie, “437; Robison, 11:116) He had determined, in other words, tat 
a ‘great deal of heat was being lost through the condensation of steam 
in ‘the first part of the “&cle. - 
: ~ Watt knew that mst of this lost heat was being used te warm the. 
heavy metal cylinder that had bene cooled by the condensing water at 
the end of the previous ‘cycle, Al though he had a rough idea of the 


concluded that "the quantity of steam used in every stroke of the me : 


amount of steam needed to run the engine, he was still puzzled because 


* 


“the Quantity of water used for Injection in fire engines was much greater 
than 1 thought was necessary to,Cool the Quantity of water contained 
in,the Steam to below the. boiling, point. " (Robinson and McKie, 438-9) - He 
therefore performed two more experiments . In the first he mixed measured - 
quanti ties of botting hot water and%toot water and noted the temperature 
_ of the mixture. _In the second he condensed steam by passing it into a 
. Measured amount of cold water and then foted the -refulting rise in tem- 
perature and the increase in the quanet ty of water. When he sic the 
results of: these experiments, he dciased that water in the form of 
steam contains a = deal more heat than water heated to the boiTing 
pains, Upon asking Black what he made of this fact, Watt was told that 
“he had encountered the phenomenon of latent heat, a property of heat 
- that Black had been studying and describing in his lectures for several 
- years. Unlike Black, however, Watt was looking for a way %o improve the 
heat efficiency of the steam engine. “His sideoortient discovéry of the , 
Vatent heat of steam simply neant that there was even more heat: being lost 
in the condensation of steam tn he had suspected. 

Our record of Watt's thoughts during this period is sketchy, but 
we do know that ‘the invention of the separate condenser did not fodlow. 
dfrectly from his discovery of the latent heat of steam. Watt realized 
that. the amount of heat trapped in the latent state is determined by 
._ the . one laws of nature, rather than. by: a correctible flaw in the 


stem eae: He therefore again turned his attention to the heat lost 
in cooling: the cylinder during the condensation of the steam. Why, 
he wparently wondered, must the cylinder of a fully loaded engine be 
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oS cooled down to around 100 degrees Fahrenheit? This is far below the boiling 

; ‘point of water, yet if the flow of condensing water is shut off before 

, : "this temperature is reached, the engine can only be operated under reduced 
“load, We of course knw that so long as the temperature of the cylinder 

" deisina above 100 degrees, the water in. the cylinder ggntinues to boil 
in the vacuum created by the condensation of the steam, thereby creating 
a back pressure which opposes the atmospheric pressure acting on the 
external face of the cylinder. But how was Watt to know about boiling 
under reduced poesia? His own experiments were hardly of the sort 
that would havé brought this phenomenon to his attention and he never 

* claimed to have discovered it himself. This phenonienon had, however, 


3%. beer the subject of intense study by Cullen, Black and Robison in the 


a 


} % i a whtch preceded Watt's invention, and Watt himself said that for 


his knowledge of boiling under reduced pressure he “was indebted to the 
Experinents of Dr. Cullen on the boiling of Ether in Vacuo and some 


ee conversations I had on the subject df that expertment with Dr. B/lack7 


and Mr. Robison." (Robimeanzand McKie, 418. See also Cullen; Black, 
1:161-2) - ° F 
Once he had grasped the relationship between the temperature of 
e the tylinder, boiling under reduced pressure, and back pressure on the 
piston, Watt was able to clearly formulate his fundamental problem. 


cylinder should be always as hot as the steam which entered it, and 

Hat the steam ancuhd be cooled down below 100 degrees in order to exert 
its full powers. The gain“by such cone truetion would be double: -' first, % 
no steam would be condensed on entering the cylinder; and secondly 
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“To make a perfect steam engine,” he said, "it was necessary that the 4 » 


wl, 


¢ 


‘the inet exerted would be greater as the steam’ was more coo ted. : 
(from Watt's “Plain Story", Muirhead, 87) Such an engine would be perfect a 
because ft would extract as much mechant cal work from a given quantity 
of heat as: the laws, of nature would allow. But how could one have a 
cylinder witch stayed hot and “yet was cooled down below:100 degrees? 
thé answer, as Wate discoverdd during his ‘famous Spring walk on the 
Glas gow diveen was. to ‘adda second cylinder to the ‘engines a a separate 
condenser. = 

_ Lhave tried to iIlustrate, in so far as time would allow, that in 
one particular historical instance the invention of an important technical 


innovation depended upon a close and friendly relation between aman - 7 


. interested primarily in natural philosophy and angther interested pri- 
marily in ‘practical improvement. At the risk of seeming to generalize 
from a single example, twill go further and admit that J attach & creat 
deal of significance to other aspects of this case. Black and Watt lived’ 
in a soctety which oe that .there is a difference between the 
pursuit of inders tending and the pursuit of improvement. They had ‘the 
good fortune to be born into a cul ture which did not elevate the’ phil- * : 
osopher and demean the mechanician, or vice versa. Although no utop{a, 
Scotland during the latter half of the sizhtaneits century mourished an 
integrated and icles cultural life. Education.at the primary level 

was designed to insure that all members of the ration were equipped with : 
the elementary sk lls needed to defend their libarties and to make their 
wr in a society to talent. At a more. advanced level, the unt versi ties 
were committed to . development of those eystems of political and soctal 
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thought and those areas of.’spectalized knowledgeupon which the future 


growth and- guidance of the nation depended/ 1 Believe that the world 

of Black and Watt, al though swept away by the dual revol utfons - French 
and Industrial - that erupted during the last years.of their century, 

remafns an instructive historical examle of the happy ingegration of 

| technology, society and cul ture. If hfs tortans today wish to play a 
part’ in articulating the new understanding of technology and highs “a 
gow ‘emerging, they should pay particular attention to the compatable V 

_ integrative aspects of the cases they study. 


Po ses. we aed 
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